In Florida during the period 1992 through 1994, there was a major drop in the length of stay for full-term, singleton, vaginally delivered newborn babies in the hospital. A major concern on the part of clinicians has been the potential of an increased risk of sepsis (manifesting itself after discharge) associated with earlier newborn discharge from the hospital. We used the Florida hospital discharge dataset to study the frequency of readmission with sepsis after early newborn discharge to home.
Original Article
Among the most feared potential complications of early newborn discharge has been morbidity or mortality associated with unrecognized perinatally acquired infections. Babies sent home with unrecognized infections suffer a delay in the initiation of treatment and typically require readmission to the hospital. As a medical disadvantage to early discharge, such infections could be expected to result in an admission to a hospital, thereby generating an inpatient record that can be studied in states that collect hospital discharge data. In the ongoing debate regarding early infant discharge, the frequency of neonatal readmission for bacterial infection has not been a subject of a published study to date. The value of large state, provincial, or national datasets in the study of timing of infant discharge has recently been demonstrated. 22, 25, 26, 32 Two studies 33, 35 noted an increased overall likelihood of readmission among babies discharged earlier. In addition, both of these studies noted increased frequency of common readmission diagnoses of jaundice and dehydration, whereas the latter 35 noted increased frequency of sepsis (organism(s) not specified) for babies with early newborn discharge. These studies have been the subject of several recent reviews, [37] [38] [39] [40] [41] [42] which conclude that the literature is of inadequate statistical power and study design to evaluate differences in outcome-they might be causally related to earlier newborn discharge. Moreover, none of these studies involved merging of newborn and readmission records to discretely test the relationship of timing of discharge and frequency of specific readmission diagnoses (except for jaundice, dehydration, and sepsis without specifying organism) at the individual patient level, on a scale adequate to assess differences in frequencies. In particular, of great concern is the possibility of earlier newborn discharge being associated with increased morbidity and mortality for intrapartum acquired infections group B ␤-hemolytic streptococci and Escherichia coli that were not diagnosed during the newborn admission.
We have studied this problem using population-based data available in Florida from the Agency for Health-Care Administration (AHCA) on all acute-care hospital discharges, including initial and subsequent neonatal discharges. To address questions related to subpopulation differences in frequencies of readmission diagnoses, we merged as many neonatal readmissions as possible with their respective initial newborn discharge records for babies born at acute-care hospitals in Florida for the period from 1992 through 1994. Our objective was to examine hypotheses regarding timing of discharge, for babies that could be considered candidates for early discharge, as related to readmission with the most common bacterial pathogens in full-term newborn babies, group B ␤-hemolytic streptococci and E. coli.
MATERIALS AND METHODS Data
Hospital discharge data were obtained from the AHCA for discharges during calendar 1992 to 1995. This dataset includes records for all non-federal, short-term, acute-care hospitals (but does not include Shriner's hospitals). It includes approximately 96% of the birth records for the approximately 190,000 births in Florida annually. Each data record includes date of birth, date of admission, date of discharge, source (ER, clinic, transfer) and type of admission (elective, urgent, emergent), discharge status (to home, died, transferred), sex, race, principal payer, zip code, state and county of residence, attending physician ID number (attending, and surgeon for principal procedure if it was a surgical admission), total hospital charges and charges for 25 major hospital departments, up to ten ICD-9-CM (International Classification of Diseases, Ninth Revision, Clinical Modification) diagnoses, and up to ten ICD-9-CM procedure codes. The version of this dataset used for this study also contained an encrypted social security number, by special arrangement with the AHCA. However, this data field was rarely useful in the merging procedure because it was missing on nearly all baby records. These data are kept in a password-protected file on an isolated computer to preserve patient confidentiality at all times.
Subsets
The initial steps in this study separated baby from nonbaby discharge records by selecting those with birth dates from 1992 through 1994 and admission dates within 90 days of birth (some with admission and discharge dates extending into 1995). Newborn records were separated from readmission records by searching for combinations of dates, admission status, and ICD-9s that can only be found on newborn records. The remainder were considered readmission records. Using systematic combinations of date variables, demographic variables, and key diagnoses, readmission records were merged with newborn records using a method developed for use by the Bureau of the Census. 43, 44 This provided a systematic way to distinguish those records that are trivial cases of match or non-match from records that need manual review. For readmissions (including hospital-to-hospital transfers) during the first 14 days after birth, this method accounted for approximately 96.1% of readmission records, and 91.8% of readmissions during the first 90 days of birth. Among the unmerged readmission records some could be identified as having been born outside a hospital (extramural), out of state, at a birthing center, or at a military hospital. The matching was tested using a small group of patients whose clinical course was well known to the first and third author who participated in their inpatient care.
Day-of-Life Computation
The only date/time information available on these data was calendar dates. To compute time intervals, the only algebra that is possible involves subtraction of a later date from an earlier date. Throughout this paper, a baby discharged on the day of birth will be defined as day-of-life (DOL) 0, because the discharge date minus the birth date is equal to zero. This makes the day after the birthday DOL (0 ϩ 1), or DOL 1. This approach is methodologically simpler than any alternative algorithm. Moreover, this approach is intuitively reasonable, because, on DOL 0, a baby can be in the extrauterine environment for only a fraction of a 24-hour period (in the limit, DOL 0 can approach 24 hours in duration if a baby is born just after midnight). Therefore, using this method, a baby passes its 24th hour of life (making it "one day old") during DOL 1.
Hypotheses
A priori, the best candidates for early discharge were full-term, singleton, vaginally delivered babies (FTSVDB) without congenital anomalies. These cases were identified by presence or absence of ICD-9 codes for type of delivery, prematurity, congenital anomalies, and whether or not there was multiple gestation. In addition, the exposure to be held constant was the length of time after discharge during which readmission for infection could occur. Summary statistics on discharges by DOL indicated that there were sufficient numbers of discharges on DOL 1 and 2 for a meaningful comparison. Similarly, summary analysis on readmission records before merging indicated that the ICD-9s for group B streptococci (GBS) and E. coli were the most frequently specifically identified bacterial infections in babies during the neonatal period. This provided a basis for studying these organisms, with the null hypothesis being no difference in frequency of either infection over time, or over DOL at newborn discharge. The control groups included those patients that were treated for these infections (records contained the relevant ICD-9s) during the newborn admission, or during the continuum of the newborn admission where the baby was transferred to one or more hospitals. Meningitis and presence of other bacterial infections were investigated by presence or absence of the relevant ICD-9 codes on either the newborn or readmission record. Comparisons were evaluated statistically by using pair-wise combinations in Fisher's exact test.
RESULTS
This study is concerned with only FTSVDBs born at an acute-care hospital in Florida from 1992 through 1994. Not examined in this study are babies born (1) at hospitals that do not report discharge data to the AHCA (nearly all of these are born at federal hospitals on military bases; some may be born out of state but are admitted to a Florida hospital for an infection within 7 days after discharge from the newborn admission), (2) at birthing centers or extramural sites, (3) by cesarean section, (4) with premature delivery, or (5) as a product of multiple gestation. After exclusion of these records, the 376,399 remaining babies represent 66.0% of all babies born in Florida during this 3-year period. Figure 1 shows the number of babies by year and DOL at discharge from the hospital. In 1992, 58.6% of these babies were discharged on DOL 2. By 1993 the DOL 2 discharges had fallen to 50.3%, dropping further to 37.3% in 1994. In contrast, the DOL 1 discharges (sent home the day after birth) rose from 25.8% in 1992 to 51.3% in 1994. Table 1 shows rates of infection in neonates with GBS or E. coli, either on the newborn record, on the transfer record for those babies transferred to another hospital, or on the readmission record for those babies discharged from the hospital on DOL 1 to 2 and readmitted within 7 days of discharge. These infection rates are reported as numbers of cases per 10,000 FTSVDBs for 1992 through 1994. Also presented in Table 1 are the frequency of meningitis and of infection with multiple bacterial organisms (i.e., records with ICD-9s indicating more than one type of bacteria), both expressed as a percentage of total cases. The cases that involved infection with both GBS and E. coli are represented in the summary data for both GBS and E. coli, but none of these records contained codes for meningitis. There were no deaths among any of these patients.
For GBS, the rate of infection for newborns of 9.27 per 10,000 (with 5.9% involving transfer to another hospital) was 11.5-fold higher than the rate of 0.80 per 10,000 found for FTSVDBs without congenital anomalies readmitted within 7 days after discharge to home on DOL 1 to 2. Meningitis was found in 43.0% of those babies discharged on DOL 1, but among none of those discharged on DOL 2. The rate of multiple infections (records containing ICD-9s for more than one type of bacteria in a single patient) did not differ between DOL 1 and DOL 2 discharges. When the totals for newborns and readmissions are compared, the frequency of both meningitis and multiple bacterial infections are significantly higher among readmitted babies than among babies treated as newborns for GBS, with meningitis being 20-fold more likely and multiple infections being sevenfold more likely.
For E. coli, the rate of infection for newborns of 3.51 per 10,000 (with 2.3% involving transfer to another hospital) was 1.75-fold greater than the rate of 2.00 per 10,000 found for readmitted babies. The meningitis rate of 3.2%, although significantly higher than the rate of zero among newborns with E. coli, is much lower than that seen with GBS. Readmitted babies did not differ in rate of meningitis by DOL at discharge. However, DOL 1 discharges did have a significantly higher rate of multiple infections than DOL 2 discharges. When totals for newborns and readmissions are compared, the rate of multiple infections was not found to differ statistically.
The rates of simultaneous infection with both GBS and E. coli were used to test for independence of infection by each of these bacteria, by completing the 2 ϫ 2 table for presence and absence of each. In the case of both newborns (Fisher's exact test p ϭ 0.21) and readmissions ( p ϭ 0.56), we could not reject the null hypothesis of independence. Table 2 shows the rates of infection with GBS and E. coli among babies discharged on either DOL 1 or DOL 2 and readmitted within 7 days (inclusive) of discharge, by year and as a total of all 3 years. The rate of infection for both organisms rose significantly from 1992 through 1994 among babies discharged on DOL 1 (Fisher's exact test p Ͻ 0.05 in both cases for pair-wise comparison of 1992 to 1994 rates). However, both rates of infection among babies discharged on DOL 2 rose from 1992 to 1993, and then fell from 1993 to 1994, but without significant differences detected by comparing 1992 to 1994. When all 3 years are combined, the odds ratio for infection risk for DOL 1 vs. DOL 2 discharges was 2.27 (95% confidence interval, 1.83 to 2.70) for GBS infection, 2.16 (95% confidence interval, 1.46 to 2.85) for E. coli infection.
To evaluate whether or not our conclusions would be altered by changing the interval during which babies were readmitted after discharge on DOL 1 and DOL 2, we performed a sensitivity analysis in which readmissions were grouped by day-of-life on day of readmission for the following time periods: DOL 0 through 6 (conforming to the definition of classic early-onset neonatal GBS infection), DOL 7 through 10, DOL 11 through 14, DOL 15 through 21, and DOL 22 through 27. None of the conclusions drawn from the study of babies readmitted within the 7 days following discharge were altered by the results of this sensitivity analysis.
DISCUSSION
This study shows an increased rate of infection with both GBS and E. coli during the 7 days following discharge among babies born at acute-care hospitals in Florida from 1992 through 1994 who were discharged to home on the calendar day after birth (DOL 1), compared with those discharged two calendar days after birth (DOL 2). A higher rate of meningitis among babies readmitted with these infections was also found. For GBS-infected readmitted babies, the meningitis risk was dramatically higher and found only in the population discharged on DOL 1. There was also a higher rate of multiple infections among GBS-infected readmitted babies, as compared with babies treated during the continuum of the newborn admission. Moreover, we show a significant rise, from 1992 to 1994, in the rate of infection with both GBS and E. coli among babies discharged on DOL 1, but without a rise in the rate of infection among babies discharged on DOL 2. Some of our findings were hardly surprising. It is a well-understood feature of the pathophysiology of bacterial diseases that early treatment reduces the risk of complications associated with the progressive spread of organisms. In this light, the findings regarding meningitis risk for both or GBS and E. coli, and the rate of multiple infections for GBS would not be unexpected. What was unexpected, however, was the order of magnitude of these risks for babies readmitted for GBS. Our findings are consistent with the recent findings of increased rate of readmission for jaundice and dehydration 33 and sepsis (organism(s) not specified) 35 among babies discharged early. The lack of difference in death rate (i.e., no deaths) reported here is consistent with a recent report showing no relationship between death of full-term neonates and timing of discharge. 32 Otherwise, our findings contrast with previous studies, which failed to detect a relationship between poor outcome and timing of newborn discharge. This report represents the first study, to the authors' knowledge, examining the relationship between timing of newborn discharge and infection with specific bacterial pathogens at the individual patient level using a major database.
Study Limitations
Any study that makes use of hospital discharge data is subject to the variability in quality of these data over time, and both within and among hospitals. In the simplest terms, the Florida AHCA hospital discharge dataset is a by-product of billing activities for Florida hospitals. The analysis reported here is perhaps even more critically dependent on data quality-it stems from a multistage, multivariate merging procedure involving varying degrees of agreement between data fields being used for pair-wise matching of observations. Nevertheless, the greatest amount of time used to perform this study involved manual review of merged records to insure that the merging procedure was accomplished as carefully as possible.
This study is also limited by the inherent imprecision of ICD-9 codes when categorizing patient populations. For example, in the case of GBS, the corresponding diagnosis code could have been assigned by a medical records coder for anything from suspected GBS (i.e., a baby with suspected sepsis born to a mother with positive cervical culture but negative cultures from baby) to culture-proven bacteremia. Moreover, hospital microbiology departments could vary in the precision to which they type streptococcal species isolated from blood culture, leading to use of a "streptococcus, not otherwise specified" code instead. We examined the use of all the bacterial infection codes in neonates as a part of a larger study (in progress) and have been unable to demonstrate changes in patterns of use of these codes over time for babies born during calendar years 1992 through 1994. Thus we have no basis to suspect a change in the use of these codes that would affect our results. The ICD-9 codes for GBS and E. coli were the most often used, specifically when a bacterial organism code was used in FTSVDB discharge records. Still, these codes are clinically vague. From this perspective, perhaps the most powerful use of these data would be as a basis for rigorously defining sample size for either a retrospective study, involving chart review from multiple hospitals to systematically gather more clinically precise information on babies who were readmitted with infections (and appropriate, statistically defined controls), or a prospective study.
The frequency of infection for both GBS and E. coli are of the same order of magnitude as has been found elsewhere 45, 46 for blood culture proven infections with these organisms. Although this tends to support the findings of this study, the literature on neonatal infectious diseases refer to a time before widespread early discharge of neonates. The authors were unable to locate strictly comparable data on the expected frequency of these infections after early discharge.
To the debate over safety of early discharge, this study contributes to the extent the timing of discharge can be defined as calendar dayof-life, which encompasses a range of hours-of-life. Even when given imprecision in estimating a baby's age, the results of this study are most consistent with the notion that an increasing number of babies were sent home from the hospital too early over the period 1992 through 1994 in Florida, despite the observation that the overwhelming majority of FTSVDBs discharged from acute-care hospitals are not readmitted with these infections (approximately 997 per 1,000 babies, even if late-onset GBS and E. coli are included among the readmissions). Discriminating among factors, which might be useful in predicting the likelihood of infection on DOL 1 vs. DOL 2, would require a carefully designed clinical study, as discussed above. Although we can conclude from this study that more babies are readmitted with infections after discharge on DOL 1 than on DOL 2, deciding how many is too many requires the ability to predict likelihood and marginal cost for two alternative approaches to the decision to discharge a baby from the hospital. At a minimum, those babies that were readmitted with meningitis (to the extent that an extra day of clinical observation would increase the likelihood that these would become "preventable" cases) were discharged too early.
